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MINING AND MILLING ME'THCDS AND COSTS AT 
EOD HILL Miu, REPUBLIC, WASH,1/ 


By Corwin L. Gooner 
INTRODUCTION 


This paper, which describes mining anc milling methods and costs at 
the Knob Hill gold mine, is one of a series being prepared by the Bureau 
of Mines on gold mining and milling practices in the United Statese 


The mining properties owned or controlled by Knob Hill Mines, Ince, 
are situated in the Eureka mining district on a country road 2 miles up 
Eureka Gulch from the town of Republic, county seat of-Ferry Count;, Wash, 
The district is about 140 miles northwest of Spokane by road and 35 miles 
south of the international boundary line. The altitude at the mine office 
is 2, 700 feete , 


Good improved roads lead south and west from Republic, while a limited 
freight service to Republic is maintained by the Great Northern Railroad, _ 


The district reposes on the eastern sloves of the great Cascade Range; 
summers are pleasant, though somewhat short; frosts come early in the fall 
and continue late in the spring. Winters are. seldom severe, and company 
records taken regularly from indicating maxinum and minimum thermometers, _ 
disclose that a mean temperature of plus 27° F, is customary for tne 2 winter 
months. During the 2 years of operation there have been extreme instances 
where the temperature dropped to minus 15°, and historical data show lows 
far beyond this for short periods, Snowfall ranges from 4 to 7 fect, with 
an approximate maximum of 30 inches of snow on the ground at any one time, 


Acknowledgment is made to the executives of the Knob Hill Mines, Inc., 
for permission to publish this paper, and to F. H. Mitchell, general super- 
intendent, and L. A. Fitzgerald, mill superintendent, for their assistance 
in its preparation. 


Water for company eueeations is pumped 3 1/2 miles from the San Poil 
River, a small stream skirting the town of Republic. Although the company 
has experienced no shortage of water, it is said that after seasons of ex= 
treme dryness, a scarcity of water may be anticipated, 


1/ The Bureau of Mines will welcome reprinting of this paper, provided the 


following footnote coast is used: "Reprinted from Bureau of 
Mines Information Circular 7123." 

2/ One of the consulting engineers, Bureau of Mines, and chief metallurg- 
ist, Knob Hill Mines; Inc, 
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The district is served with electric power by a local company, which > 
purchases current from the Washington Water Power System and transmits it - 
over 40 miles of line at a potential of 33,000 volts. 


~~" The Gistrict apparently became active in 1896 and seems to have reached 
the zenith of its discovery and exploratory activities by the turn of the 
century. As tne gold was deposited in a finely disseminated state the ores 
were not readily anenable to the miliing practice of tne times, and intensive 
development and expansion were discouraged. Nevertheless, the operators of 
this district were among the first to use the cyanide process in this courtry. 
and recent investigaticns have added little to their metallurgical !mowledge 
concerning these ores, Failure to treat these ores successfully in early 
mills probably vas due first, to lack of modern, reliable, efficient equip- 
ment and, second, to inability of the mines to yield ore of 4 profitable 
grade in adequate daily quantities to meet the. demands of the plants. 


By 1913 twice. as much ore was being shipped to the smelters as was 
being milled locally, and from that time the camp gradually declined until 
all activity ceased excent desultory leasing. This was virtually the situe- 
tion when the Knob Hill mee Ince, began operations in 1936. 


GEOLOGY 


_ .™he general geology of the Republic district has been described by 
Lindgren and Bancroft! Development in recent workings has added further 
light on the subject. 


. A series of andesitic flows about 1,500 feet thick is overlain with 
lacustrian deposits of clay and sandy shales intercalated with later flows 
of more basic character than the. earlier extrusions, Throughout most of 
_. the. district, the whole series, including sediments, is tilted to the east 
at an average angie of 35°. Tertiary moveient of considerable magnitude 
preceding vein emplacement has taken place, and nost-mineral cross—faulting 
and. vein brecciation cut the ore and tilted the host rocks, <A period of 
erosion and glaciation lowered the surface an estimated 1,000 feet; this 
was followed by widesprend extrusion of basaltic lavas in late Tertiary 
times. The veins belong to the Tertiary age. 


_ The mineralized zone is about 6 miles long. ‘The veins dip steeply 

astward at the south end, becoming flatter toward the Knob Hill mines, and 
sates their dip farther. north at the Mountain Lion mine. The voins which 
are several hunéred feet in. length, havo a maximum width of more than 
20 feet. 


The ore consists of milky to smoky quartz alternated with dark bands 
composed in part of very fine sulfides with which the gold and silver min- 
erals are associated. Free gold is found rerely in the district, and none 
has been observed in the Mud Lake vein now being mined, Mainly, the 


Lindgren, Waldeuar, and Bancroft, Howland: ‘The Ore Deposits of North- 
eastern Washington. Republic Mining District: Geol. Survey Bull. 550, 
1914, pp. 133-166. 
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precious metals seem to be associated with selenium, possibly varying. in 
character from a normal selenide to a complex mixture. According to Lind- 
gren and Bancroft, the mixture may cortain not only gold and silver but also 
substantial percentages of antimony, sulfur and copper and small amounts of 
zinc, iron, arsenic, and selenium. At some points along the hanging wall 

of the Mud Lake vein, stibnite or some other complex sulfide of antimony 
seriously interferes with prover functioning of the mill. The presence of 
stibnite usually indicates a marked increase in the gold content of the ore. 
some work done on the Mud Lake vein by other operators several years ago 
suggested the possibility of such a marked increase in the stibnite content 
at depth as to require an entirely different metallurgical treatment. Cur- 
rent work on the ores of the deeper levels in mines at the southern end of 
the district does not support this presumptione 


: The ratio between silver and gold in the ore of the Mud Lake vein has 

increased gradually as mining was extended into the hill, until at present 
it is about 6 to 1. This may be due to leaching of the silver near the 
surface. | 


MINING 


The ores currently mined and milled by the company come from the Knob 
Hill and the Mountain Lion mines. As the mining methods are entirely dif- 
ferent at each mine, they will be considered separately. The Knob Hill mine, 
being the chief source of ore and the control unit around which all tho , 
operations revolve, will be described in more detail than the Mountain Lion, 
which supplies only about 15 percent of the ore, as at present, it is 
virtually a development operation. 


The mill, local office, assay office, general shops, and warehouses 
are at the Knob Hill mine. 


nnoo Hill Mine 


Present mining is confined to the Mud Lake vein. This vein lies to 
the northwest, almost contiguous to the Knob Hill vein, which outcrops 
boldly, forming a prominence that gives the hill and mine their name. It 
was the source of ore mined in the past. 


The Mud Lake vein outcrops but its full lenzth is not yet known. It 
has been developed and is being mined by an onen-cut for about 650 feet 
south from the outcrop; the bottom of the pit is now about 100 feet below 
the highest point on the outcrop. The pit will be worked about 50 feet 
deepor, which appears to be the economic limit for shovel operation. 


Although the presence of the Mud Lake vein was known to earlier 
owners of the property, it could not be exnloited profitably at the tnen 
prevailing prices for gold and silver, With the rise in the price of gold, 
tne vein was prospected extensively by drifting, crosscutting, and diamond 
drilling. An inclined prospect shaft was sunk to a point 100 feet below the 
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present pit one ens This shaft is now used as a sump to drain the floor 
_ of the pit. This development work, which was done before the pronerty was 
acquired by the present operators, disclosed a body of ore 30 to 60 feet 
wide, It consists of quartz bands or veins that dip about ° to the east 
through andesitic »orvhyry. The capping or overburden consists of carbon- 
aceous clay shales and slates with areas of pyroxene andesite, all of which 
can be removed readily, The ratio of stripping to ore ranges from virtually 
nothing to nearly 3 to 1 at the lowest horizon of profitable pit operation, 
The shale hanging wall is well-defined and limits ore in that direction. 
The foot wall is not defined so clearly and in practice it is really a plane 
in the vein natter below which the ore oon becomes too low for profitable 
mining. 


After due dickastdewiebin, it was decided to mine the body with power 
shovels, .A combination of shovels, caterpillars equipped with bulldozer 
blades and carry~alls, and trucks was selected for removing the overburden. 


The proved tonnage and value of the Mud Lake vein originally was cal- 
culated from the exploratory work that has been described briefly. For con- 
trol of mining, samples are taken of the cuttings from 16-foot holes drilled 
..for blasting. The samples are assayed and mapped ahead of actual mining as 

a guide, to avoid getting too deep into the foot wall and in areas of lean 
value. 


The program of prospecting has been laid out to determine the extension 
of the Mud Lake vein east of the Knob Hill vein. This program will consist 
of crosscutting and drifting from the o1d workings in the Xnob Hill vein, 
supplemented by drilling from the surface and stripping of the top of the 
vein, The object of this work is to determine the southerly linits that 
may be mined by shovels, taking the depth of overburden and grade of ore 
into consideration, This prospecting also will determine the feasibility 
of using other mining methods where the shovels cannot oc operated profitatl; 


The pit is now producing about 500 tons of ore daily, which requires 
removal of about 2 tons of overburden for cach ton of ore mined. As the 
hanging wall consists of shales or slates, it is possible to keep the ore 
fairly free of waste in that direction. The distance broken into the foot 
wall is mainly a matter of maintaining a satisfactory grade of ore for the 
mill. 


In general, the plan of mining is to keep the stripping operation well 
ahead of ore removal. As the pit has advanced southward into the hill, 
stripping has come to include removal of 5 to 10 feet of soil directly over 
the ore; this soil is a clayey material very difficult to strip in winter 
or during spring thaws. An ample supply of ore is uncovered in summer, 
_when stripping can be done economically. 


Mining is done by two 1 1/eyard, gasoline-driven shovels equipped with 
caterpillar treads, The shovels are used for mining ore from either or dota 
of two benches or for stripping wastce. Ore is delivered to the mill by 
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h-ton dump trucks; there are six of these trucks, and one of them is kept 
reserve. or undergoing service or repairs, Since the haul ranges from 

ss than 1,500 feet, when mining is from the extreme south end of the know 
ra to more than 4,000 feet, when delivery is made from the pit itself, the 
number of trucks mecded to haul the required daily tonnage to the nill 
ranges from three to five. Trucks not needed immediately for ore haulage 
generally are used to assist in stripping opcrations, The road system has 
been designed so that there is virtually no up-grade haul for loaded 
trucks except for the relatively short climo from the pit bottom, 


Stripping is done mainly with a l2-yard Le Tourneau carry-all scraper 
drown by an R. D. 8 Caterpillar tractor, The work progresses with ex- 
cavation of benches, which are taken down in @ series of steps, The ground 
is broken for the carry~-all dy an R. D. 7 Caterpillar tractor equipved with 
a "rooter" and a "bulldozer" blade, Occasionally, it is necessary to 
transport overburden for distances greater than the economic haul for the 
carry-all equipment. Such material is moved by the shovels and trucks on 
the night shift: all ore is delivered to the mill during day shift. It is 
now necessary to provide space surrounding the mine for spoil dumns, but 
when the north end of the pit reaches its ultimate depth it will be 
utilized for the disposal of waste. Solid rock in the foot wall stands 
well even when walls are vertical, but the slates and shales in the hnang- 
ing wall soon slough when cuts are stecply inclined. 


Ore is mined from benches at risht angles to the strike of the vcin. 
The faces are carricd 16 feet hieh, so they may be broken to the bench 
grade with vertical holes, thus avoiding toe holes or lifters. At present 
all drilling is done with medium-weight jack hammers using up to 16—foot 
lengths of 7/8-inch hexagonal steel and Carr-type side-hole jack bits. 
Machines are operated at an air pressure of 100 pounds per square inch. 
A modern compressor with a capacity of 700 cubic feet of free air Bey. 
minute is driven throush V-belts by a 100 hep. electric motor, 


Drill holes are spaced 10 to le feet avart and are staggered to in~ 
prove breaking. Holes are sprung and loaded with quarry-type low-strength 
bag powder, Charges are detonated with No. 6 electric caps with 20-foot 
wires; primers are placed in the bottom of the holes. Column loading is 
being tried in an effort to obtain better fragmentation and to reduce the 
amount of secondary blasting. large pieces of ore are blasted by plugging 
and loading with sturp blasting powler and detonating with cap and fuses 
Powder consumption, including all USES, whether on ore or waste, is about 
1/2 pound per ton of ore. Drilling is done by the day crew, which also 
does the blasting either during the lunch hour or at quitting time. 


For night work all eauivment is provided with electric headlamps 
supplemented by two 1,000-watt portable floodlights, Each of these flood- 
lignts is supplied with long lengths of heavy-duty, outdoor-type, portable 
cord attachable to outlets from a 120-volt circuit carried parallel to’ the 
pit. 
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Ore is recovered with virtually no dilution by waste, The hanging 
wall is sharply defined, and no cifficulty is experienced in stripping it 
clean without sacrificing ore or diluting values, but careful and continuo: 
sampling is necessary to avoid mining unnrofitable sections of the foot +2! 


A pit boss has direct charge of the mines Tne day shift comprises 
about 20 men, and the night crew consists of aoout 10 men, including the 
night foreman, The wage scale is comparatively high and is abowe that nre- 
vailing in the district, Particular attention is paid to maintenance of 
safe working conditions; the banks of the pit represent a constant hazard 
and must be scaled carefully and kept free of loose rock, ‘The lost-tine 
accicent record is remarkably good, with but one serious injury recorded 
for the entire operation of ane pate 


Mountain ‘Lion Mine 


‘Tae Mountain Lion ‘eae, vhich is situated about 1 mile northwest of 
the Mud Lake pit, is owned and operated by 2 separate organization, althous 
actually controlled by Knob Will Mines, Inc, The vein probably was aniong 
the first discovered in the district, but records of production are incon- 
plete and unreliatle, At one tine there was a stamp mill at the mine, 
which later was supplemented by a sand-leaching plant using the cyanide 
process, In recent‘years only a small tonnage of ore has been produced, 

mainly by lessofts, who shipped directly to the smelters. 


At presont the mine is being worked. through a vertical shaft 64O feet 
in depth. This shaft, consisting of a single hoist compartment and @ man- 
way, has stations cut at 125-, 300-, 400=, and 600-foot levels. On the 
300=foot level is an adit /00 feet in length, which provides a second exit, 


A steam hoist with wood-fired boiler delivers the ore by skip to a 
100-ton bin on the surface whence it is trucked to the Knob Hill mill, = 
electrically driven compressor with a capacity of 670 cubic feet of free 
air per minute replaced an older, smaller unite 


' The mine is producing about 75 tons of milling-grade ore daily, ‘the 
present ore reserves and recont development work are encouraging encugh 
to warrant increasing ore production to 100 tons daily. 


Prospecting is now prosecuted by Long~hole drilling, The ee 
comprises 2 heavy-duty Leyner drill using 30-inch sections of 1 1/h-in 
round drill steel; the steel is coupled, meking a unit capable cf never 
holes 80 feet long. The sludge samples have proved reliable; this methoc 
of prospecting is attractive here because it combines economy and speed 
with satisfactory sampling results. 


As drilling is scattered widely tnroughout the mine, jack bits are 
used in regular operations to save expense in transporting steel. The 
ground which stands well and requires little timbering, is conducive to 
shrinkage stoping. <A portion of the vcin near the surface is mined as 4 
glory hole, 
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Coarse-ore bin, 90 tons 
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The mine has suffered in the past from uncontrolled leasing operations, 
which have left it in poor shape both for mining developed ore end for. 
carrying ovt an exploration program, _ | ae: 


Tre >versonnel consists of a crew of about 25 men divided into two 
shifts and supervised by a mine superintendent and night foreman, All 
mechanical work is handled by the mine-shop foree at Knob Hill, Lixewise, 
all engineering, assaying, office worlt, and general supervision are handled 
by the Knob Hill staff. | : 


MILLING 
General | 


The cyanide process for the dissolution and recovery of precious. 
metals is emmlisyed at the Knob Hill mill, The ores must be ground. 
relatively fine to liberate the precious metals, A cowntercurrent—decanta- 
tion thickener system is used for replacing the enriched solutions. The 
nominal daily capacity of the plant is 400 tons, although variations from 
25 percent below this fisure to 45 percent above it have been maintained 
for weeks at a time: therefore, the mill may now be rated’ at about 450 
tons daily average. "ak : 


Early tests indicated the necessity for rather fine grinding, and 
the necessity tor housing and heating the mill dictated the application of 
the so-called all-sliming method of treatment. Although the flow-sheet 
remains, in substance, similar to that originally contemplated, operating 
experience has brought about many changes. 


Construction began in the autumn and continued throughout the un- 
usually severe winter of 1936-37. Although 3,000 yards of concrete was 
poured for this mill in midwinter, including one severe cold spell of 3 
weeks duration when the temperature seldom rose above zero, nevertheless 
it was found necessary to condemn less than 3 percent of the concretc,. 


The mill began operation in June 1937; the following description of 
the mill is as of October 1935. The Knob Hill mill is simple in design 
and follows conventional lines, as the accompanving flow sheet will dis- 
close (see figs 1). At vresent, grinding is done in a cyanide solution, 
although originally a water grind was tlanned to permit neutralization of 
soluble ferrous salts that, according to a mill test of a sample of develop- 
ment ore, occurred in the ore. However, these salts have not yet been 
found in appreciable quantities in freshly broken ore, Pulp flows from 
the grinding circuit to a primary thickener, where some dissolved values 
are stripned from it. The thickened pulp then passes through the agita~ 
tors for more complete dissolution of the metals. Replacement is acconm- 
plished by a four-wash, countercurrent - decantation system, after which the 
impoverished pulp is pumped to @ residue~storage dam, 


The milling cycle'can be divided into three phases, which include (1) 
preparation of the orc, (2) reduction to proper size and condition, and (3) 
treatment. <A description of the equipment used in these steps, together 
with a discussion of its application, followse 
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The mill lay<out is conducive to efficient operation, A main operatir, 
floor extends around the grinding section, agitators, and thickener and 
is either at the same olevation or above the top of all main tanks, making 
the equipment easily visible. All piping is carried above or below floors, 
with pumps situated on a floor about 25 feet below the main floor. The 
precipitation equipment is on tho floor level with the pumps, and the fur- 
nace room is on the bottom or thickener bottom level. Benches, sinks, 
glassware, and other control equipment are arranged on the main platform 
so that the operators can perform their test and sample work without los- 
ing signt of the main units, 


Innovations in the mill during the past year included the installatioz 
ofa semiportable, l-ton, reversible, electric hoist with a rope speed of 
30 fepem. It is equipped with a magnetic, automatic brake with remote 
control: it can be utilized anywhere around the mill, being easily trans- 
ported because of its moderate weight, wiich is less. than 500 pounds, This 
machine is used primarily for lifting liners in and out of the ball mill, 
where it has proved invaluable in giving the crew inside direct and con 
- plete control when moving these pieces, It is also used to reload the 
ball charge. A bottom-discharge bucket with a capacity of 1 ton of balls 
is dragged up a skid on the side of the ball mill to a position over a 
vertical manhole, wherein a large, heavy metal funnel has been placed. A 
blow opens the bottom of the bucket, discharging the contents into the 
mill, One man stationed on top of the drum and three or four men shovel- 
ing into the bucket on the floor can reload 30 tons of balls in 1-3/4 | 
hours by this method, Ratcheting socket wrenches with handles 3 fect long 
also materially speed the tightoning of nuts on the 1 1/2-inch liner bolts, 
These two devices have virtually cut the mill relining timo in half. 


Crushing | 


A wood rectangular bin with a live-lood capacity of ebout 90 tons 
receives tno ore as delivered from the minc in dump truckse The ore forns 
its owm slope and bed. No grizzly is used over this bin; because the ore 
broke coarsor in mining than was anticipated, soveral changos in construc- 
tion were roquired to accommodate large Doulders. In the past few months, 
improved practice in blasting has resulted in more efficiont breaking, and 
fower large boulders, and has rectified the trouble so that most of the 
_ ore now reccived is suitable for the design of the discharge gates and feede: 


Ore is discharged from an opening in the bottom and front of the bin 
onto a Jeffrey vibrating feeder 3 1/2 feet wide and 6 feet long. The fecé- 
er is operated by a motor-generator set having a range of O to 26 amperes. 
The ore gates originally installed to control the discharge of the ore were 
found unsuitable and were replaced by a series of steel baffles outside the 
bin, which absorb the shock and prevent rock from flying beyond the feeder 
when dumped into an empty bin, A racik-and-pinion gate bevond and below 
the baffles serves only to regulate tho flow of the larger rocks, This ¢2+@ 
and the vibrating feeder can be regulated by remote control so that the 
crusher operator, stationed at a strategic point, can observe the flow of 
material through the jaw crusher and loosen any ore blocked in the opening 
of tne bin, 
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Ice and frost in the ore during the winter and spring months presented 
many problems, As it vas difficul’ to keep the ore moving in the bin when 
it was full, it was founi necessary to dump no more than 10 or 15 tons into 
the bin at a time. When trucks dumped into the virtually empty bin, impact 
snocks heavier than those which it was desised to withstand were exerted 
on the front of the bin. To prevent commlete destruction of the front of 
the bin, a steel curtain is now suspended inside the bin about 5 feet 
from the front, This curtain is hung from the top on rods, so that it 
may swing freely, ‘the impact resulting froma dumping the trucks is abe 
sorbed by the curtain without damage to it or the front of the bin, the 
curtain does not restrict tne flow of ore when the bin is full. 


Building up of stickr or frosted fines on the vibrating feeder, which 
gave much trouble, was virtually eliminated by installing a false bottom 
in the feeder, which is bolted only on the sides. This rot only increases 
the slope of the feeder bottom but also supplies a vibration independent 
of the feeder itself although actuated by it. 


The vibrating feeder discharges onto a stationary grizzly 28 inches 
wide by 36 inches long with 4—inch openings. Undersize from the grizzly 
drops through a vertical chute onto the coarse-ore conveyor belt, while 
the oversize gocs to a 30- by 36-inch, type-E, Traylor jaw crisher driven 
ot a speed of 250 repeme by a 75=horsepower motor through V~beltse 


No reliable estimete is available of tne proportion of ore that 
actually passes through the jaw crusher. The nature cf the ore, together 
with the methods used in open-pit mining, tends to yield a product of un= 
rredictable ond variable physical character. Such a product precludes an | 
accurate estimate of work done by the various units in the crushing section, 
Possibly, 20 to 75 percent of the ore actually is broken by the jaw crushere 
Using this yardstick, the life of the lower plate on the swinging jaw is. 
estimated to be about 60,000 tons crushed, Owing to the lenticular shape 
of the boulders, the opening of this crusher can be closed to 3 and some~ 
times to 21/2 inches. The loss of scrap is relatively high, and it has 
been found economical to hard-surfece crusher plates, a procedure that pays 
good dividends when the facing is apolied to new plates and is renewed as 
soon as worn off, A hard surface is apolied also to the stationary lower 
plate, which will crush about three times as much as the swinging jaw plate 
before repair or replacement is necessary. Tue upper plates appear to have 
an indefinite life. 


The discharge from the jaw crusher joins the undersize from the 
grizzly on a 20-inch conveyor running at 250 feet per minute and chain~ 
driven by a 2-norsepower motor. This belt travels directly under the jaw 
crusher, and material is fed to it through a poorly designed arrangement 
that allows the sharon fragments to strixe the belt at a right angle to tho 
line of travel, with resultant heavy wear, The present belt is 5=ply 
construction with a 3/16-inch top rubber cover; it is the second belt that 
has been applied to the work, Many modifications have been made to soften 
the cutting action of the rock that falls from the crusher; the estimated 
life of the present belt is 400,000 tons. 
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The driver pulley of this conveyor belt is a Dines magnetic pulley 
16 inches in diaacter, with a 22-inch face, and drawing about 7 azmmeres 
at fall load, Although this pvlley gave setisfactory service at the origin- 
al belt speed, it no longer offers adequate protection to the secondary 
erusners at the ovresers ranid belt speed, esvecially when the belt carries 
peak Joads, A nermanent magaet susncnied ov2r the belt near the discharge 
vossibly would better insure removel of such "tremp" material as dipper- 
tecth sockets and other metal lost ‘in the mining precess. 


The conveyor discharges onto a z= by &=foot Allis—Chalmers horizontal, 
double~dee'sed, vibratiig serzen driven throuth V-belts by a 5-horscpower 
motor. No fixed size of scrern openings is omployed, as both wirtcr weather 
and veriations in types of ore impose conditions that must de overcome Dy 
varying the screens, The upner deck normally is mounted with a screen 
having @=inch openings, but tie lower-deck screen openings range from 
3/& inch, when. extremely hard but ary rock is crushed to 1 1/2 inches 
wien trastod or frozen fines ara handled, Undersize from this screen 
passes dow: a eteel hoprer cante onto the main conveyor, while the oversize 
goes to one or both ef two 2-foot 4einch, type TY, Traylor gvratories 
driver through Vebelts ty 60-lorsepower motors equipped with line starters, 


Tne eccentric svwitg of the gyratories is 5/8 inch, Although originally 

he feed opening was 9 inches, this was reduced to 5 1/2 inches later 
through installation of special upper nlates supplied by the manvfacturer 

in an effort to reduce the excessively hizh proportion of plus-3/3-inch 
product, Although this change accouplished the desired result only in 
pert, the Jarze nieccs produced showel a noticeabla improvement in uni- 
formity of size, The life expectancy of the upper plates is about 3 years. 
Restriction in feed openings made necessary reduction in the size of maxi-~ 
mum pieces delivered to the gvratories, This was the roasen for closing 

the discharge opening of the jaw crusncr, as mentioned avove. 


Tae gvratorics wore designed to use "standard," "oversize," and 
"double-oversize"™ lowo>z concavese. Tho theory of this design is to wear 
out mantles comoletoly without sacrificing crushing efficiency by replacing 
worn-out corcaves with oversize renewals. The economy of this design is 
fully successful culy when the mantle lasts as long as two concaves, More- 
over, it has been found that the anivlar grooves or rings formed in the 
concaves and mantles when the michines are set for a fine discharge are 
the source of considerable trouble when a new part is used in conjunction 
with a partly worn part, <A new design, modifying the curve at the lower 
end of botu concuves and mantles, nes been evolved by the mill staff end 
approved by the menufacturer, t is belicved that the new design will 
partly overcome excessive wear, Snilittins the mantles horizcntally just 
above the wear lino is exnecied to reduce scrap loss further. 


Owing to tho variable character of the ore, no satisfactory data 
are available concermiug the percentage of total fced passing through the 
gyratories. On the basis of GO percen’s vassirg through, a reasonable esti- 
mate, the Jife of maugmese~steol lower cornceves anc of meanties is about 
25,000 tons each, Molsbdenum-chrone allov-steel lower concaves are being 
tried, but have not pe2n in service long enougn to warrant estimating 
their comparative worth, 
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The eccentric-shaft speed of the gyratories is 250 repem, Discharge 
openings, measured on the closed side, range fron 7/16 to 3/4 inch, depend- 
ing on roclt and mill conditions. The orizinal nian called for a continuons 
maxinundischargo opening of 3/8 inch: hovever, it hes not been possible 
to decrease the neximym sice of matcrial reaching the peyratories to a size 
that will nermit using this openins under proseat onerating conditions. 
Witn the gvratories set at 1/e inch and tne rock medium herd, both mach- 
ines must be in service when 60 tons or more per hour is passing through 
the crushing section. Maximum size of particles passing the jaw crusher 
will vary according to the breaking characteristics of the ore and may be 
as large as § inches long by 6 inches wide or if dlocky, yy 1/2 inches 
measured on the lonsest axise ; 


Tne discharce of the gyz ratories joins tne undersize from the screens 
on the main or mill-bin conveyor. This delt is 20 inches wide and runs up 
a slope of nearly 21° at 175 feet por minute, It is driven by a 7 1/2- 
horsepower gearhead motcr connected directly to tho hoad pulley shaft. 

The belt is of 5-ply construction with a 1/S-inch rubber covering; the 
period of efficient usefulness is expected to exceed 5 years, 


All motors in the crushing section are controlled from the operating 
floor, which surrounds the opening into the jaw crusher at the same level. 
The building ard units follow a "straight-line" layout, so that the 
operator from this floor may look down through the oven bay and see all units. 
Motors are started through progressively interlocked switches from the main 
conveyor to the coarse-ore fcedore sopping eny unit automatically stops 
all units ahead cf it. An exception is made for the gyratories, which may 
be controlled independently in or out of the interlock. 


Owing to the necessity for 50-percent overload relays in tke switcnes 
the gyratories often slow do'm without immediately stopping. Despite the 
automatic shut-down switches, so much feed is accumulated in the wnits 
during the slowing-dowi period that costly delays may ensue while a syra- 
tory is cleaned, To overcome this, howlers end lights actuated by governors 
cn the counter shafts have been installed to warn the overator imuediately — 
when a machine is retarding. If the operator does nothing about the signal, 
the governor ther stops all units ahead of the gyratory before the motor 
switch actually opens to stop the gyratory. 


Two men operate the crushing section. Although the original design 
contemplated but one operator, the second man has proved his worth by re- 
ducing lost orerating time. This, in turn, tends to level off mining | 
operations and actually ocrmits a reduction in mine personnel, All units, 
except motors and their supplementary parts, are serviced daily by the 
operating crew wider a strictly maintained schedule. Maintenance and re- 
pairs are in the hands of the mill renair men, who make all major repairs 
at night. Under this system, little lest mining time has ever been 
chargeable to crushing-section delays. 


The head crusher operator reports daily, on a suitable form, the nun-~ 


ber of hours operated, the number of hours each gyratory has run, the set- 
ting of each (which is measured daily), time lost and cause, and the number 
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of truckloads of ore delivered to the coarse-ore bin, This information 
is transferred to permenent PeEcordse . 


The mein conveyor dischurges into a circular steel bin 28 feet in 
diameter by 4O feet in heirht. It nominal cepacity is 800 tons, but the 
actual live-loed exmacity is 625) tons when comnletely filled. 4n unsatis— 
factory tendency towerd sesregation of fine and coarse varticles in this 
Din was due to the oririnnl sinztle center-point discharge. This has been 
partly remedied by distributing the discharze through rubber—lined steel 
chutes, thus forming cones over the two feeders in the bottom. — 


Grinding 


The bottom of this circular stcel bin is comnosed of a concrete slab 
with'a tunnel in it that contains two equally separated discharge chutes, 
The cre drops on two 15- by “O-inch Jeffrey vibrating fceders, each actuate? 
by its own motor-generator set. Tnuese two units feed the ore onto a 20- 
inch conveyor belt running at 40 fect per minute, which in turn discharges 
_into the feed drum of the ball mill, The tunnel is large enough to contain 
all the above equinnent with emnle room for servicing it. The mill Din is 
witain the mill Puilding, and tne main conveyor is housed in a wood sheathed 
tunnel, Temperatures mre always above freezing in the bin and conveyor 
tunnel, The vibrating fecders are interlocked with the ball-mill motor 
control and cannot be started until the bell-mill motor is running; they 
stop when the tall-mill motor circuit is brolcen, 


The ball mill is a Traylor overflow tyne with 30° ends; the inside 
diameter is 8 1/2 feet, and the length of the cylinder is 9 feet. It is 
equipped with a combination drui and scoop feeder, tha drum having a diameter 
of about 30 inches and a 16-inch onening, waile the scoon hes a radius of 
5. fcet 9 inches, Tho mill is driven at 19 1/2 repeM. by a 400-horsepower 
Slip-ring motor, Tne speed reduction is ootained throush a double-reduction 
gear train movnted in and completely enclosed by a lealproof case, The main 
gear is mounted on en cxtension of the discharge truanion beyond the dis- 
charge-trumnion bearing. The gear-train shafts are carried on roller bear= 
ings, Gears and bearings are lubricated through @ combination splash and 
pump system from a well in the cause, the capacity of which is 110 gallons 
of oil. <A goar numn draws oil from tre sum and delivers it to the bearings 
and contact points of the genrs through a water cooler and filter. The 
main sear runs through the oil reservoir and throws a large volume of oil 
to all parts of the case, Oil constmption in the case is nominal, amount- 
ing to around 5 gellons a month. To date it has been found unnecessary to 
renew the oil as the temperature has consistently avereged only 20° above 
room temperature. The feed trunnion is a self-alining babbitted design 
and is lubricated by grease, The internal diameter of the trunnions is 
20 inches, 


During the better part of the operation, the Williamson "tear-—drop" 


or ‘mobby type of liner has been uscd in the ball mill. The weignt of a 
full set is about 37,000 nounds, and serap loss is now 15 to 20 vercent, 
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The life of a manganesco~stee! liner of this tyoe in about 4,009 hours, 
during which time a-proximately 79,CO00 tons can be greunc, As the liners 
of this desim have avery thin section at scme ae trittle alloy 
stecls do not scem to give satisfactory res1its 


Several designs of liners have been tried in an attempt to obtain as 
long life for the eud liners as for those in tne breast. Originally, the 
breast liners outlasted two sets of end liners; it has been found that 
the mere addition of weizht to the observed wear noints is not completely 
successful in remedying the wear. Reversio'te lifters are now being tried, 
end evidence indicates tney wil} lest as lozg as the breast linerse 
Economy, however, points to another design, the manufacture of whicn was 
tried earlier in one end cf the mill; it had a life ecual to that of the 
breast linerse In this design the metal is Cistributcd according to tho 
calculated ard observed motion of the balls in the tapercd ends. It 
igores the wear points shown dy removed sections and takes into considera~ 
tion the logical path of the balls. It is the only design that has 
achieved this result economically. 


Until recently, only 4-inch balls were fed to the mill; the present 
feed is about two-thirds, by weigit, 3-inch balls and the remainder 4einch 
balls, The mixed feed may have increased the mill duty by at least 10 to 
12 percent; this has been maé@e possible through the imorovcd mixture of 
ore coming from the mine. Forged, alloy-forged, and cast balls have been 
given exhaustive tests with no outstanding suveriority of performance in- 
dicated for any tyre. Under the circunstances, cost seems to be the con- 
trolling factor. Consumption has ranged from a low of 2.23 pounds per ton 
of ore ground to a high of 7 vounds over veriods cf several weeks, irres- 
pective of the tyne of ball. So far it has been cbserved that the charac~ 
ter of ore being sround directly and chiefly influences the consumtion of 
erinding media stcel, The conswantion of balls during the life of the 
operation is approximately 4.5 pounds per ton of ore ground. 


The mill is equipped with an indicating watt-hour meter, which not 
only supplies information as to power input but also controls the feed of 
balls to the mill. With a normal ore, the hishest efficiency i3 obteined 
with a power input of about 225 iilo:att-nours, beyond which but little 
g2in in cepacity is observed, “At this point, with the average type of ore, 
the mill will contain a ball load of some 30 tons with & circvlating load | 
of pulp of about 500 percent. When soft, porphyritic, foot-wall ore is 
handled, the input of power is permitted to drop to 185 to 190 kilowatt= 
hours, at which point the circvlating load is virtually nil. 


The ball mill is in closed circuit with an 8 by 27-foot Model DSFX 
Dorr classifior running at 17 strokes ver minute and driven through V-belts 
by a 15~horsepowor gear-hend motor, The specific gravity of the overflow. 
is varied according to the fecd and ranges from 18 to 23 vercent solids. 
The circulating load depends entirely on the ore, Broadly spoaking, whon 
ore of normal hardross is deing ground, tne feed is rogulated entirely by 
the circulating load, which is kept at a certain depth with relation to the 
Classifier rakes, This seems to result in obtaining the maximum tonnage 
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with this type of feed; moreover, ‘the thickener then has a capacity eaual 
to or greater tnen the mill. With soft ores the mill has a cavacity 
greater tann that of the thickener. To help eqreliza this unbalanced 
cenéition, coerse foed is reut to the rill, the ball load is perm: tied 
to dron, the eo is thinred out, end every efTort is made te keen 
the mill = conSinaous operation without exeessive consumption cf ctsel, 
Routine ctice flac includes vorvine the specific grevity cf the gees 
mili nears arcovding to the feoa, with a range of 65 to 75 percen 
solics, One controlli:iizg factor is maintenance of a prlp eidcositr Saat 
will prevent uniue proportions of urcrecxed particles of or? from Floating 
out of the mill, A mechanical brake fcr the classificr was installed dy 
the mill crew to permit easy and positive coutrol wren tne heavy rekes 
are lowerec, This devite is now a part of the new machines, 


One operator a shift controls the ball mill. Falls are fed each 
shift in accordance with instructions from the foreman. A steol channel 
section leads from -the ball-storage bin to a suitesle down tube, which 
termirites in the drua feeder. Falls are raked into the channel ari roll 
by eruvity down to tke ee ae into tho feeder, This permits accurete 
count of the balils fod and * pessiols rapid charging of sevcral tons 

of dalle. Every tonth ball — pen and the entire samle is weighed; 
the feed for a 2lehovr mm is entoulaied from this weight. The bell-mill 
operator records on a daily rencort the balls fed, watt-hour meter readings 
twice a shift, time when feed or mill is down and the reason, therefor, 
hourly determination of snecific gravity and the tonnags being handled by 
the primary-thichkener-discharge ruse In addition, he calibrates and 
records the ball=nill Gischarge snd classifier ovorflow every 2 hourse 
This information, or such of it es is deened necesrnry for permanent 
records, is consolidated in the metallvrgical ccontyol dDovks, The specific 
gravity of the pulps in the rings ing circuits is sect by tne foreman accord- 
ing to conditions that can be ee i:mecdiatcly,. Snougi leeway is 
allowea so that in an emergency tre Dalle-mill operator aay exorcise his 
judgment. 


Treatment 


The overflow from tne classifier flows by gravity into the primary or 
top tray of a five-compartmernt Dorr washing thickener 60 feet in diameter. 
This machine consists of four weshing cozpa:rtments all having an effective 
depth of 7 1/2 feat, and one much shallower primary tray sealed from the 
lower compartnents by an air lock. ‘The total height of the tank is 59 Tecte 


Tais type of thickener has one central shaft upon which 211 rake 
mechanisms are suspended and which is driven by one zear, It consolidates 
all thickening and washing oporations in ono tank, tne verious steps or phase 
being carried on in commartnents imposed vertically, one upon the other, 
The main sear of te machine at Knob Hill is driven by two pinions mounted 
on oprosite sides of the cear and activated by two 1 1/2-horsepower gear- 
heac motors through chain drives. Care is taken to use motors of the sane 
make and of exactly tne seme characteristi S, so that the speeds will oe 
synchronized. Circuits are so erranscd that wiile scrparate heater elements 
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and relays protect each motor against electrical overloads, stopping of 
one motor will stop the other; both are started simu teneousiy by the same 
switche Each pinion is provided with protection against overload of the 
gear, shaft, or rekes through sliding blocks, which are actuated by the 
thrust on the worm. At a predetermined tnrust pressure an alarm will 
sound; if the trovble is not corrected end the pressure is allowed to 
build up to a greater predetermined point, the motors will be stopped 
through a circuit that stons both motors regardicss of the one affected, 
Tension on the thrust~-absorbing springs of eachdriving unit is equalized 
with respect to the cther as nearly as possible and can be adjusted to a 
point where tne indicating arms, outside the thrust boxes, will show the 
actual situation during operation. The mill staff improved on the alarm 
device supnlied by having the first stage of excess load pressure sound a 
horn; then, when the pressure increases enough to stov the machine, the 
horn ceases and a bell rings wntil the motors are started again. This 
gives the operators full information regarding any abnormal condition in 
the thickener without rcquiring them to watcn either tke machine or the 
indicating lights, res are lifted and lowered by means of a planetary 
gear-reduction unit mownted over the shaft. Even with a ratio of 200 
turns to an inch of lift, the rakes can be raised slowly by two men only 
with great effort. Eighteen<inch extension handles attached to the lift- 
ing wheel materially assist in rapic lifting of the rakes ai night, when 
only two men are available for this arduous job. 


A No. 4 Inspiration-type Dorrco triplex ciaphragn pump and a Minch 
discharge=-column air lift using air at about 12 pounds efrective pressure 
are employed to clevate primary-tray thickened pulp about 6 fect above 
the thickener top to the firss of the agitators. The Dorrco pumps came 
as original equipment but, for reasons to be described later, were found 
to be of adequate capacity. <#fter several other methods were tried, the 
air lift was finelly inserted permanently into the circuit as best suited 
to the job. Present practice is to use the diavnhragm pumps only when the 
vclume of pulp excecods the capacity of tne air lift. 


The agitation system consists of three tanks, each 10 feet in diameter 
by 13 feet in depth, and three tanks, each 26 feet in diameter by 23 fect 
in depth, ell equipped with Dorr type A low-head acitators, The small 
machines revolve at 6 repem. and ave driven by 1 1/2-horsepower gearhead 
motors through V-belts, while the larger units turn at 4 rep.m. and are 
driven in the same manner by 3-horsepower motorse | 


Within 3 months after the mill went into operation, it was discovered 
that the puln was building inward from tne sides of the agitator tanks 
and outward from the central column, After various devices failed to 
control or stop this, li-inch pipes were suspended from the end of one 
distributor arm of each agitator about 15 feet down the side of the t enk, 
Air was introduced inte this pine, which not only successfully controlled 
the growtn from the tark sides but also gavo additional aeration. To 
bridge the gap between the lower end of these pipes ard the rake arms, a 
pipe about 6 fect long was attached vertically to the end of one rake arme 
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The design of the agitators did not permit introducing air into these 
6-foot pioes without cemmletcly disassembling:the mechanism and rearranzing 
ths pipiasz syster, e task hardly warranted by any possidJe improvement cver 
the method used, Air was introduced into another pipe attached to the cen- 
tral cclunn ond extenied into the pulp, and further growth was stopyed at 
this ncint,- 


No accurate estimete of the veluce of air normally used for agitation 
is available, The compressor employed is rated at 250 cvbic feet of free 
air per minute at 25 nowids and is driven by a 25-horsepower motor through 
V-oelts,. . Crdinarily, the pume is working about three-fourths cf the tine, 
which may inuicete to souwe extant tha anount of air normally used, : 


The pulp flows by grevity from one agitator tank to ancther. aA systen 
of by-passe3 was installed during the first year's operatior, so that at 
present stoyning of any ov oll acttator3 does nct necessarily require shut- 
ting dewn of tas mill, out neroly involves a higner loss of residue while 
the unit (or wits} is Doing wat into operation aczain, 

Frea the last agitator the pulp flows into the first of the washing 
trays of the thickenar, which is the second compartmert. From tnence it 
travels Cewnwared ti rougn tho four lover compartments, while the sclution 
riscs countercurre:.t to its flow in accordance with the differential svecific 
gravity delaices upon which th troy thickerer depends for functioning, The 
thickened pulp or residue is reroved from the tottom compartment by a Noe yy 
Lorreo triplex aiavhraga sump noueread by a Sehorscpower cear-ucad motor 
dixect-connected wo the cecertric shaft. The resicue nuwrms are braclet- 
mounted. on tre side of the thickener tank, with tho discharge lip about 1 
foot atove the tov of the tank. The; disenerge into tie sup of a 3-inch, 
righ-hcad, Wilfley pump, which is elso mouited on tre side cf the thickenor 
tank about 30 feet above the bottom of the tank, Tho Wilfley pwap is con- 
nected directly to a 4YO-horsepower motor runaiug at i,7"O renem. A maxi-. 
Mun pumping yressure of 100 pownds per squxre foot is develened by the pump 
when i-inch impellers are used in delivering residuos to the storage dem, 


Impellers in this mm last about 15 deys. When new casings are used, 
they have a life .of about 30 days. It hes teen fcunc, however, that worn 
casin,;s can be repaired with chilled cast-iron welding roi, using tne arc. 
This process can be repeated until the metal becomes too thin to withstand 
the nicssire hecd; the life of a casing thus can be virtually trivledc. 
Rubber-faced follower plates last 4 to 6 mortiis. 


_Pesidue pulpy is delivorel to the resicue dam through a Yinch Oe.» 
Light-stcel pipe lino. Wo erprcciable vear ans been novel in this line as 
yet. The nuerest point cf tho dam is abous 790 fect from the rill, The 
crest 13 1,009 fee" in lentvh cn the loug vido. Tas dam is built in the 
Conventional manner by dischar ing nuly alors the cvest inside face boards, 


through hoses atircanbls to niocles in tho main pumping line. To fccilitate 
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the pipes with heavy-duty clemps, Owing to the fine grind, the nature of 
the slimes, and other operating conditions, trouble has been experienced 
occasionally in separating the slimes from the sands enough to permit rapid 
and complete draining of tne sands. Discharging the hoses against a rubber- 
covered plate tends to separate the weter and slimes from the sands and 
helps to pack the send firnly against the face boards, However, to safe- 
guard the dam further, the face is raised at a slope of 1/2 to 1 instead 

of the normal 1 tol. 


_ Winter conditions at Republic reouire special treatment in storing 
residues, Owing to the relatively small arca within the dam, it was in- 
possible, during the first winter, to avoid placing most of the residues 
on the face of ths dam, Naturally, these froze before draining, and during 
the spring thaw ouly the heroic action and resourcefulness of the entire 
mill crew averted a major catastrophee Durinz the colder months of the 
second winter there was erea enough inside the dam for the residue, and 
little difficulty was experienced when the thaws came, It is believed that 
all serious trouble from this source has been clininated for the future, 


The Merrill-Crowe simultaneous clarification and precipitation process 
is used to recover dissolved metals, The clarification equipment consists 
of 20 leaves in one round tank and § leaves mounted in a rectangular tank, 
All leaves aro € feot long by 5 feet wide and are covered with muslin with- 
out burlap undercovers, The manifolds of each tank are connected to the 
main pipe leading into the deacrating tower, The life of leaves is about 
3 months in the main tank and four to six times that period in the auxiliary 
tank. Covers are not rotted when renoved but have become too blinded for 

urther use, Salvaging used leaves is uneconomical, Replacement of the | 
entire set of 20 leaves is made at one time and requires about 1 1/2 hour's 
work of three men, Leaves are not removed from the tank for washing, and 
all are wasned at the same time, In fact, a leaf never is removed from 

the tank from the time a now cover is put on until it comes off; as a 
result, no trouble has been experienced with holes in the covers, and bag 
pressures caused by solids in the solution going to procipitation are un- 
known at Knob Hill. 


It is necessary to wash the large unit about every 5 days. This takos 
about 2 hours actual time, but, since this operation is handled by the solu~ 
tion operator along with his other duties, the elapsed time may be longere 
For this reason, the auxiliary unit of eicht leaves was installed, making 
it unnecessary to reduce the flow of solution going to precipitation for more 
than a few minutes at a time. These leaves can clarify the entire flow of 
solution for several hours, which is an important advantage in many ways, 
especially if solution storage capacity is limited, 


Diatomaceous earth is used as an aid to clarification. When new 
covers are installed, crystal-clear barren solution is used to fill the 
tank, Hy=-Flo, which is made up in @ small tank mounted over the clarifier 
unit, is then added as a slurry, 4 to 5 pounds being used per 100 square 
feet of filtering area, Precipitation is then stopped and the discharge 
from the bag pumv is diverted into the clarifier tank through a maltese 
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cross aperture in the bottom of the tanks this creates a rising current 

and tends to keep the Fy~Flo in suspexsion., Although a special pump probably 
would be more efficient in obtaining large~volume circulation and aveiding 
precipitation shut~-aorms, nevertheless, Large-volume circulation is obtained 
end all leaves are ouickly' and uniformly coated with Hy-Flo after which the 
pump discuarge is returned to its normal flow through the bags. In this wey 
the first solids to reach a new cover are the narticles of Hy-Flo. The 

sane handling cycle is followed wnen leaves are washed, This method pre- — 
vents any mud that may have been driven into the cloth from getting into 

tho precipitation bags, and an uncontaminated coating of Hy-Flo is assured. 


Provision is made for continuous)y feeding Hy-Flo to the solution going 
into the clarification tank by means of a standard belt feeder somewnat 
larger than the customary ginc-dust feeder, However, continuous addition 
of Hy-Flo has been tricd, but its economic advantare has not oecen demon 
strated at Knob Hill when the clarifying capacity of the leaves is considered. 


Zinc-fecoding equipment comprises the standard Merrill belt fceder and 
mixing conc, <A morcoid switch actuated by the float lever arm of the de- 
aerating tower sounds a howler should the solution level in the tower drop 
below a predetermined height. When zine is added to the feeder belt, a 
block is placed on the belt in a position to touch the howler 15 minutes 
before the last of the zine is fei off the belt. Mercoid switches also 
give warning shovld the barren-scolution pum becone air~locked and ailow 
the bag tanks to overflow, 11 precautions aro taken to insure continuous 
operation of the procipitation system; for this rcason, the warning systen 
is considered better than a method in which the flow would be stopped 
during emergencics, 


The precipitate-collecting system consists of three tanks with 64 bag 
headers in each, Orly two tanks are used at one time, and these do not 
always contain a full complement of bags, Sag heads are of a new design 
that clamns the bars to the head instead of requiring the old elementary 
tying. 


The new head offers many advantages over the older onos, No experience 
or tools are required to attach bags securely to the heads, as finger pres- 
sure on the wing clanping nut is adequate to provide a nonleaking grip great- 
er than the bursting strength of the cloth, Moreover, tying bags was a 
tedious and slow job exceedingly hard on the fingers when a large number 
of bags was to be preparod. Bags often are clamped on the new heads at 
the rate of 100 per hour, and bags can be removed virtually as quickly and 
casily, One-half to two-thirds of the usual time required for removing 
and replacing bags from a 125-bag unit can be saved; moreover, life of the 
bag also is increascd, 

Ten days elapse between clean-ups. On the morning of a clean-up, the 
solution operetor starts one unit draining, leaving only one in opevation. 
As soon as the begs have drained, which is usually about half an hour, they 
are quickly removed by the clean-up man and fresh bags are screwed on, Tne 
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second unit is then shut down to drain, The third or stand~by unit, with 
its. complement of bags, and the first unit are then ready for opcration. 
From 8 to 12 pounds of Hy-Flo mixed into a. slurry is added through the 
mixing cone, ‘hen tho walls of the burs have had time to become firmly 
coated with the mixture, 10 to 20 pounds of zinc dust is added manually 

as cuickly as it can be passed throush the mixing cone. During this poriod, 
end for 45 minutes thcreaftor, discharge from the bag tank is Soest 
through the clarifier tank. The dag tail is sampled at the end of the U5 
minutes, and the normal feeding of zinc is begzn. I+ might be added, however, 
that it has been found profitable %o inercase the zinc-dust feed about 30 
percent above normal for tno first 2 hours after a clean-up, decroasing 

the excess to 15 perccnt for the second day end dropping to normal during the 
third, Four to five pounds of Jead acetate is added to the mixing cone 

with the initial charge of zinc. Thereafter, it is fed in drops to the 
clarifier tank at tho rate of about 1 1/2 pounds in 24 hours. 


“As the bags are removed, they are dumed into a 5- by 3-foot redwood 
tank, brushed lightly, and piled for washing. When all precipitates have 
been. ccollectcd, the contents of the ten are dischargod onto a wooden 
filtering tank 7 feet in diameter for removal of excoss moisture, after 
which they are transferred to pens and dried overnight in an electric 
drier, The solution operator assists the clean-up man for about an hour 
in the morning to start this work after whick the clean-up man works alone 
and usually finishes this phase of tze cleanup in 5 or 6 hours. 


Melting is done in a No, 275 Monerch tilting furnace. fired with Diesel 
fuel oil. Five hundred to seven hundred pounds of mecipitate is melted 
at one clean-up, 12 to 15 hours beinz required to complete the processe 
A carborundum—type crucible is used in preference to the clay-lined graphite 
models, The controlling factors in melting are life of crucibles and fine- 
ness of the bars, Purity of the bullion imvroves materially when clay~lined 
crucibles and an oxidizing flux are wsed, but the saving in minting charges 
does not offset the additional melting cost owing to the snorter life of 
the clay~lined crucibles. Total fineness rarges fron 825 to 850. 


The charge consists of about 50 parts borax glass, 30 parts soda, 30 
parts silica, and 3 parts fluorspar; end 100 parts of precipitates. 
Selenium is noted in the gases expelled during melting. At prevailing 
prices, slags average avout 50 cents a@ pound in total gold and silver content md 
are sold to the smelters, The slag of each melt is sampled by stream=cutting 
the pour of slar and granulating the sample in water, The charge is added 
to the erveibles until the molten slag is near tne top when the slag is . 
poured off to a point near the metal line and charging is resumed. This 
procedure continves until enough metal is accumulated to be cast in fulle 
size bars, The bars are sampled by drilling. Prolonged comparative tests 
of drilling and streamcutting the metal during the pour failed to disclose 
any material difference, although if large enough quantities of metal were 
being handled, stream-cutting might produco a more accurate result, The 
clean-up man alone handles the melting, except wnen casting bars, when an 
operator is present to suard against accidents, 
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After the melt, the clean-uwo man puts the refinery in order, sacks 
slag anl washes bags in a household=tyne electric washing machine. Oxydol 
sozp and hot water have been found to de an effective combination for keep- 
ins begs clean and soft. The partly dried bags are clamped to the spare 
heeds and stored, .The whole operetion, including melting and.all other 
regular work, from one clean-up until the cntire set of bags is made ready 
for the ncxt clean-up, requires abou’ 3 1/2 deys of the clean-up man!s tine, 
after which he is free for other duties. 


Mil). Oneration is 
Metallurgical Control 


The mill is operated to return a maximum profit to the company. ‘This 
involves balancing ultinate recovery azainst maximum daily tonnage, taking 
into consideration costs of all kinds., grade of ore with its physical and 
chemical milling characteristics, and life’ expectancy of the mine, As the 
grade and character of mill feed vary considerably, the manipulation of all 
units influencing the result is not fixed but varies from time to time to 
meet, as nearly as possible, the 7 equsnenents of the operating policy, This 
jus tifies the rather inc euentieN Limits of mill control indicated by some of 
the data, 


the mill was designed originally to treat ore with the substantial 

quantity of ferrous sulfate indicated by the composite sample tested, fThis 
required grinding in water with preliminary aeration before the cyanide is 
-added and explains the air~locking of the primary tray of the thickener from 
the lower compartments, as well as the three small Dorr agitators, which were 
to do the aerating, Milling was hardly under way before it became evident 
that little soluble ferrous salts in harmful proportions would be found in 
freshly broken faces, and the plant was converted to grind in mill solutions; 
in consequence, ores and solutions had more time in contact, making possible 
higher tonnage without sacrificing recoverye 


Grinding in cyanide also contributed to making a coarser grind possible. 
Originally it was proposed to grind the ore to a point where only 3 percent 
was plus 100 mesh, with at least 72 percent minus 200 mesh, It was early 
‘indicated that this erind would limit the mill to an optigum ef 400 tons 
daily, and that this would not be possible most of the time, Moreover, it 
soon appcared ovident that 90-percent rocovery of gold might be anticipated 
with a coarser grind in solution, and only about 3 percent additional re- 

_ covery of gold might be obtained by the finer grinding, Operating experience 
soon indicated that no fixed screen analyses should be demanded of the mill 
but that the grinding and classification should be governed entirely by the 

_ Character of the ore, This has come to mean a range of 5 to 12 percent 
remaining on 65 mosh and 52 to 45 pereent passing through 200 mesh, The 
following tabulations show the percentage by weight of products at various 
points in the grinder circuit, These analyses cover a period during which 
most variations occurred in the ore and probably is a fair average of yearly 
performance, 
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BALL-MILL FEED 


Mesh Percent Me sh Percent 
| weieht ‘by weight 

+ 2 3703 + 8 11,0 

+ 7el 100.0 


BALL~MILL DISCHARGE 


Mesh Percent Mesh Percent 
| by weicht a by weight 

+ 2 1.3 + ile 17.8 

+ é 8 + 65 13.4 

+ 6 +100 7.7 

+.8 165 +150 6.1 

+19 = 4 of +200 ae 

+20 4.3 -200 ou .3 

+35 16.5 100.0 


CLASSIFIER RAXS DISCHARGE 


Mesh Percent lfesh Percent 
by wei ght Je) V_wWe ight 
+2 Pe + 4g 2658 
+ 09. + 65 1265 
+ of +100 5 elt 
+ 8 2.0 +150 3,0 
+10 1,0 +200 lef 
+20 le 5 =—200 Sel 
+35 2867 100.0 


CLASSIFIER OVERFLOW 


Mesh Percent Mesh Percent 
by weight | by weight 

+ 65 10.5 4200 | Be9 

+100 oo 12.6 -200 56,0 


Cyanide solutions are kept at a minimum strength of 0.025 percent 
NaCN during the treatment periods this is mich lower than was originally 
anticipated, but no adverse influence on recovery has been noted. Incidentally, 
the ores mined from the two company properties are the only ones in the dise. 
trict not benefitted materially by solutiors containing 0.05 to 0.10 percent 
NaCN, An extended series of tests recently made on ores of the other developed 
mines in the district indicates that unless grinding is carried to nearly 
90 percent minus 200 mesh, satisfactory recoveries can be obtained only by 
applying a strong cyanide solution and then only in conjunction with a 
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"promotional" salt. These salts include soluble lead salts and mercuric 
chloride, with economical practice favoring the lead. Such small quanti- 
ties as 0.1 to 0.5 pound per ton of ore of any of these reagents produce 
striking resultse Mud Lake ore, however, is not benefitted metallurgically 
by these salts, Aero brand or "black® ae is added to both ball nill 
and No. 1 agitator as a strong solution. 2u-hour supply is made up in on 
of two small tanks equipped with vem Air is blown into the tank 
being filled until a test with sodium nitroprusside indicatescomplete oxi- 
dation of all sulfides, A steady-head tank distributes this strong solu— 
tion to the points of delivery. Daily quantities used and proportions de- 
livered to various points.are decided by the foreman, 


Lime is added as a milk to the ball mill. A hopper feeds 1/4-incn 
lime to a flight screw which delivers it into a larger double screw whose 
blades are partly cut away and turn inward toward each other. Enough solv- 
tion is added to produce efficient slaking of the material as it travels to 
the discharge end, where it drons into the sump of a small centrifugal pi 
Control of the rate of lime feed is through a U. S. Electric Varia~Speed 
motor that drives the feed screw. An indicating pointer on the motor show- 
ing the final drive-shaft speed is also calibrated to show the rates of 
feed per shift, Upon the foreman's orders the rate of feed can be changed 
by merely turning a small hand wheel. 


Pulps pass through the agitator system at a density ranging from 30 
to 45 perceat solids, as determined in the preliminary thickener. The 
agitators originally were designed to provide 24 hours! agitation daily 
of 4.00 tons of solids diluted with £90 tons of solution. No disadvantages, 
but many advantages with respect to gold, result from carrying a much 
denser pulp, and no attempt is made to hokd down agitator density. Varyins 
the pulp density is one of the control points in obtaining a maximum dollar 
return. 


The mill feed consists of ores witn markedly different thic‘cening 
characteristics, If the settled pulp in the primary thickener begins 
to rise, the volume discharged will be increased until: 


le The limit of storage in the washing trays and the capacity 
of the residue pumps at the lowest tolerated density are 
reached, or, 

ee The limit of the water supply is: reached, or, 

3- A density of the discharge pulp is reached below which no 
adiitional solids can be delivered on account of the 
limiting volumetric capacity of the pumps. This point 
is found to be about 30 percent. solids, 


With important exceptions, the same principle governs the control of the 
residue pumps. Experience has shown that stacking residues of densities 
below 35 percent solids becomes difficult. Moreover, if residue pumps 

are run at full capacity with specific gravities below 35 percent solids, 
the capacity of the water-pumping system is exceeded. Therefore, the lover 
limit for profitably drawing waste pulp from the thickener is 33 percent 
solids; this ratio controls the operation of the residue pumps wnich are 
operated at higher density only ig aa with the primary pumps. 
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Operators aro instructed on there points and are provided with charts 
to guide them when decisions must be mace to meet varicus situations, 
thus tending at all times to keon the mill overating to the limit of any 
temporary bvottlenecix, 


This method of control requires close attention to the tray thickener, 
The revised tyve of sealing boot between trays installed at Knob Hill was 
designed to pass 400 tons of solids daily, in the form of pulps with 50 
percent solids, when the rakes were in the normal position. Such a density 
has never been attainable in practice exccpt for short p2riods and is 
beyond the thickening copacity of the machine at the greater tonnages 
commonly handled. As a result, the opening in the boot must be varied 
from time to time to permit nassage of the pulp being handled, but at the 
some time it must be constricted enovgh to reduce the tendency of the 
rising solution to "short circuit," This regulation is obtained by 
raising and lowering the rakes, A scale, marked in inches, has been 
attached to the lifting bracket so that a pointer on the shaft indicates 
the position of the rakes with resvect to the bottom of the trays. At 
each adjustment a record is made of the height of the rakes above datum, 


Although the original flow sheet contemlated a washing ratio of 3 
parts of water to 1 of solids, the lower specific gravity and increased 
tonnage required more wash water, so that at present, about 1,600 tons 
of solution is precipitated daily. Tho system of piping permits distri- 
bution of barren solution to almost any mit in the mill, including any 
compartment of the thickener, Many combinations of the manner of applying 
barren washes have been tried without apparent advantage for any particular 
method. The most satisfactory flow sheet seems to include the addition of 
all wash water to the bottom commartment of the thickener and the distri- 
bution of the barren solutions between this and No. 4 compartment to the 
capacity of the tray overflow pipes, The rest of the barren solution is 
added to the primary tray. 


Solution Control 


As stated before, during agitation the solutions contain a minimum of 
0.025 percent NaCN. An alkalinity of 0,02 percent, as determined through 
titration with phenol, is normal during agitation, The strength of solu- 
tions going to precinitation is somewhat below these figures, A small 
amount of litharge, ranging from 12 to 36 pounds daily, is added to the 
ball mill, and 1 1/2 pounds of lead acetate is added to the precipitation 
circuit. The operators titrate and record the cyanide and lime values of 
the primary thickener, Nos. 1 and 3 agitators, and the overflow and under- 
flow of the bottom tray: but the quantities of reagents to be used are 
established vy the foreman or suwnerintencent, who studies the current 
titrations and decides the course for the following day. 


Since a substantial proportion of the gold is dissolved in the grind~ 


ing circuit, all primary solutions go directly to precinitation; the re» 
mainder of the solution treated at the precipitation unit comes from the 
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No. 2, or first, washing tray, This is the present normal flow sheet, 

Tre piping of the mill, nowever, has been rearranzed and suprlemented fron 
time to time until it is now possible to make virtually any change in flow 
or direction of solutions merely by setting the proper valves; many varia-~ 
tions have been tried to determine the effect Ee tne change on the losses 
of dissolved gold. 


Sampling 


Sampling for mill control and data is not elaborate, An electrically 
operated automatic stream sampler cuts adout 1 ton from every 400 dis- 
charged by the main conveyor. This sample is quartered to 75 pounds, dried 
crushed, cut on a Jones splitter, and ground to 100 mesh. A sample is strea 
cut manually from the ballemill feed belt at regular intervals and consolid- 
ated into one daily sample handled as is the automatic sample, The mill- 
feed sample, which is used to estadlish the gross value delivered, represent: 
the ore actually in transit through the mill; the automatic sample is used 
more as &@ guide for mining overations, because it supplies information muca 
more quickly and accurately respecting the grade of ore actualiy delivered 
during any particular day. 


Manual samples are taken hourly from the pump discharge of the primary 
thickener, the last acitator discharge, and the final residue~purp discharge, 
The first two are collected daily in strong potassium permanganate solution, 
cut down to laboratory sizc, filtered, and washed, and the sclids assayed 
for undissolved metals. The final residue sample is cut and dried without 
filtering or washing. In addition, a sample of the final residue is taken 
every 2 hours and immediately filtered, washed, and driet; both pulp and 
filtrate are saved, Every 24 hours a weighted composite is made from the 
filtrates and washed pulps and assayed to determine losses of metals. This 
somewhat elaborate method has been edapted in an effort to determine the 
real rather than the annarent undissolved and digsolvad losses, experience 
having indicated the impossibility of completely arresting dissolution of 
values, even in the presence of @ strong potassium permanganate solution. 
This experience is supperted by a serics of laborator; experimonts with 
gold leaf, 


Solutions assayed include bag heads and tails and primary end No, 2 
tray-overflow solutions. No less than 17 1/2 assay tons of solution are 
taken for assay by a modified Chiddy metnod, Grab samples are talzen in 
an effort to reconcile calculated and ectval losses of dissolved values; a 
long serios of special samples, including the samples of the overflows of 
all trays of the thickener over an &-months period, was taken for the sare 
purpose, All assays are for both gold and silver, 


Mill tonnages are determined by the time-honored specific gravity-tize 
constant volume metnuod. The primary=thiclcencr discharge is calibrated | 
hourly; the final wesidue-comnartment discharge also is calibrated for 
guidance in operating the thickener and for general control informations 
This permits operators to control closoly the flow ontering and discharging 
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from the thickener and to maintain a balance, or to anticipate and correct. 
an unbalanced condition, This is - very important matter in the operation 

of the Knob Hill mill, consicering the variahleeore feed, thickener charac= 
teristics, and operating policies, 


We.ter Supnly 


The main supply of water for 211 purposes comes from the San Poil 
River, on the bank of which the company ueintains a pumping station about 
3 1/2 miles from the mill. A 9-stage centrifugel pump directly connected 
to a 100-horsepower motor has a canacity of 130 gallons per minute ageinst 
a head of 1,000 feed, It delivers water through a Seinch, o. de, vwelded~ 
steel pine line buried 30 inches underground, This pump, together with 
two horizontal triplex pups now used as standbys and the pump sump, are 
housed in a well-insulated house. Strip heaters are employed in extremely 
cold weather to prevent freezing. Water is celivered to a tan’: of §0,000 
gallone capacity situated at an elevation that will impose a pressure of 
{5 pounds a square inch at the various onernating units in the mill, The 
original pumping equipment consisted of the triplex pumps now maintained as 
stand-bys, High attendance and maintonance costs Jed to installation of a 
centrifugal pump that conld be opsreted automatically and required only 
occasional inspcction. Operation of the contrifugcl pump by a water~level 
control in the tanl: required a prohibitive outley for wiring, so anelectric 
timing clock was installed to govern the pump. This clock actuates the 
opening and closing of the autoratic line-starter switch, which is of the 
compensating type and tends to reduce heavy surges on the line when such a 
large motor is started, The starter may be operated manually, with the 
automatic compensating charactoristics retained as an intezral part of the 
starter, The timing clock is adjustable, so that both the on and off in- 
tarvals can be varied through a wide rane; the adjustments have been 
ecneanged from time to time to meet mill requirements for water. The rela- 
tively short interval when the pump is idle was adopted primarily because the - 
water misht freeze if the pump was permitted to stand motionless inthe line 
for very long periods during extremely cold weather, 


Thermostats are installed for protective purposes on all motor and 
pump bearings, as well as on the pump case, Overheating of bearings or 
the pump case owing to loss of primer will shut down the pump, A float 
switch in the sump will stop the pump before the suction is broken, should 
the water supply feil. Zach of these safety features is connected to a 
lamp, which glows when its thermostat is functioning. <A glance at the in~- 
strument, upon entering the pump house, will discover a clue to the cause 
of stoppage, The punp is inspected weekly by the mill maintenance crew, 
The whole lay-out has functioned successfully with minimum attention through 
two winters, 


To give complete assurance that trouble at the pump station will re- 
ceive prompt attention, an indicating lamo in the mill tells when veter is 
being discharged into the tank, ‘The operator, knowing when the pump should 
be running and when it should be idle, is apprised within a few minutes of 
any unscheduled stop and immediately communicates this to the foreman, 
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eas which are reclaimed from,the residue dam and which. supple- 
ment the main water eupply vary with the season, the tonnage of ore handled, 
and tne poresutage. of ucisture in the ruln; ct present thes anount to. 
about 20 Zepotle This weter conteins about 0.01 percent NeCN aud possibly. 
as much as "$9.03 in gold. Additional water is puyped from a well below 
the mil] at the rate of 40 g.peme; however, it is fit for use in the thick— 
ener only. 


Heating o7 Mill Building : Pye wt 


“an operating units of the mill, including the’ fine-ore ‘bin,. ball. 
mill, thickener, agitators, precipitation, ciesn-un, melting, and pimping 
equipment, together with a 60— by 4O-foot tank on cne level and a 2¢= by. 4O~ 
foot tank on another, are in one large building. The bullding has a woodén. 
frane, with corrugated Liron outside and leinch plank ; skenthing insido. 
The crusher Duilding is connected to the mill buiicing by a sheathed con= 
veyor tunnel. Owine to its design, it can be scalcd only partly against 
the weather. 


Four apartment-hous®, autometic, oil-fired heaters were bougnt 
originally for heating the mill building. It was found possible to mount 
only thresa, all of which are on tne lower floors The fourth ‘= -emained. han 
assombled during the first winter and was feta ed later in the crusher 
building. These henters were found to de more than adequate, despise the 
fact that the corveyor tuinel created a strong draft and rothed the mill 
of considerahie heat, wrich benefitted the crusler building but Llittie. 
The installation of a drart door has halted this wistc. Tre heaters burn 
27° Diesel fuel oile Air tempereturve may be contre licd thormostatically 
altnough this is not deemed practicable in tie milsas fen: -..id reel are . 
controlled automatically, The heaviest monthly Tope aes cf cil for 
heating the crushing and mill building has oveen lo: se than 2,009 gallonsSe 
The total quantity of fuel for heating the mill bu‘. mp for the past 
winter season was about 6,000 gallons, which, at $0,909 ner gallon, is a 
reasonable cost for heat. 


Daily records ere kevt of inside and outside temperatures, With the 
ball mill running, two furnaces have no difficulty in keeping the .operating- 
floor air temperature at about 50° F., althovgn the bottom floor next to 
the outside walls may be just above freezing. Incidentally, pulp~texpera- 
ture rocords also have been kept during winter; these disclose the vell~ 
mill discherce pulp to have a temperature ranging from 68° to 73° F., and 
solutions to be of a temperature of abous 45° “P, with a feed full of frosted 
Matcrial, Tomperature of the water foecd to tho bottom tray of the tlicizencr 
during these periods remains constant at 34° F, for weeks at a time, while 
the residue pulo loaving tho thickener has a tenperature of 40° to frye Ley 
depending on the amount of water deinz used. Tuis shows a drop of 28° to 
30° F. from ball mill to residue vuro. 


‘During one period of rather cold weather, when the ball mill was idle 
long enough for the building to feel tre enscnce of its cperating heat, the 
operating-floor air tempsrature dropped fron 50° to 469 F, As the same 
number of furnaces was going, this indicates the amount of heat generated 
by the opverating unite 
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Personnel 


The mill crew, which normally consists of 13 men, including the mill 
sunerintendent and - foreman, is distributed as follows: 


Clean-up and utility. eocce L 
Maintenance eeanceecnsecvene 1 
Residue di sposal e002eee 00 Ss 

13 


The solution operator is the leacer of his shift and is held responsible 
for emergency decisions covering situations outside the ordinary routine; 
but he has no control over actual. operation of the ball-mill circuit beyond 
limiting the rate of: ering to suit thickener conditions. All mill main- 
tenance and repair, except ‘electrical, is nandled by the mill crew. Assay- 
ing for mines and mill is consolideted in one office, as are the engineering 
and local accounting. The office staff normally consists of four persons, 
including the general sunerintendent and assayer,. 


Sisenieton: rere re ee 
Crushing Coecvseevceecvvsvseecce 
Ball-mill operators eee. 
Solution operators eecrsese 


LAN DD 09 


CONSUMPTION OF MAJOR SUPPLIES 


The following tabulation gives the consumption of various major supplies 
in the process of crushing, grinding, anc treating 1 ton of ore’ 


a Per ton 
| Unit milled 
Cast grinding balls ....eseeeceeseeooe Pounds j§ ~~ 3620 
Bali-mill. Liners: 66s06ssesawsesenece oe * 10x ~~ et 39 
Gyratory liners and mantles e.sccccses dO. 9030 
Cyanide COC H Hee ere reer eeeeereoeereee doe ¢610 
Lime seccvsccccccvcrcssccccecsesesses - Ge | ~ 5,550 
Zine dust COHOCOC CORTESE EEO OHHH ERS E EERO? dO. 1/ e070 
Water consumed es.scrccerecesecesesees Tons 7 * 1leel 
Powers oe ne 
Crushing Coren eerereccceneerevecer Kwenhre 1,C9 
Grincing, including classification . 
and solution pumping sercscceccesns rekon 9965 
Treatment Oe dd » 2e15 
Residue disposal eescccccsscecccses - WOs 961 
Water PUNpINe Adssiesecnckecseness & 205: > 78 1,64 
Total power Conswmed ceveccccsccece: - =e 7 15.94 


» 8 @ «8 


COSTS 


Mining 


Mining costs at the Knob Hill mine are Cpased upon the tonnage of ore 
milled and are shown below with the cost Eee ton of ore delivered into the 
mill bin, 
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| Per ton Total per 
milled ton milled 


Brealing ore? | | 
Labor Tee Ee eee Te $ 0,125 eeorseccse 
Supplies eee ee ee ee ee e092 ecesecrces 


‘Power Com rerccercccsecerccesece 4017 @oeoeereee 
Shovel and tractor exense ee. C68 pwaleaeare 
Total, breaking ore ssecccecee "302 $ 0,302 
TVUCKING OTe TOM. oscnesesewseee esses uewe ees e079 


Stripping? | . 
Carry-all ($0,066 per yard). : 
Shovel and trucks t$0.18 per e+ 

yard) POCSHC HCC SEER EH OE SOSH LO LHO THESE SEF LES e911 


Total SG Gabe ie Bite Wee bs SRW OES Me eS ~672 


Milling 


Following are itemized the actual and total per-ton costs of millirg 
16,706 tons of ore? 


Per ton Total per 
milled ton milled 
Crushings 
LADOT Sos suse sissasewleevek es $0,031 


Repairs and renewals esescscee jj ° 9023 
POWGY’ 6 6464644646440 0040S e012 


EOC LL. Ye eo ve 6 Siete @ 6450 1-0 whe Wie Sw Oa aw Ore Oe Soa eS $0,066 


Grindings eee 
Laoor eee ee ee 5034 
Steel (balls and liners) «.. ° = 9125 
Power COTE OOH OOO COE O ea OHO? elll 


‘iscellancous @evaevevevsveass 2005 
Total CHECK HEHE HL HEHT EE HEHE CC eereroRD e2f5 


Treatments a a 
Lavy iuaweesswsiwseswssacee: 7 ** «OH? 
Chemicals «its cenceceat oeeve 0126 
Cther supplies, repairs, and . 
TONCWALS ceocevccvcccccens e005 
Power CROCCO CC OHO R OCR EM cee 2925 
DO GEL ge 16: die o s'6i bcos wo ein Sie ead eae-erale Ob wae eae 0198 
Precipitation: . 
Chemical: <sesasewsuesseweee e022 
Repairs and renewals ,..cecese 000/ 
Total a a ee ee ee ee ee ee e029 
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Per ton 
milled 
Clean-up and refining: . 
Labor Sesinaraseeeesaastets $0,008 
Supplies COoeceececoereeoesecns e019 
Marketing bDullion eecesoeces 2030 


Total @e@svneaeeveeeesteoevoeeoeoeerovesvpeeeneonev1 eee eee 6 6 @ 


Residue disvosals 


Labor Soveeroocrevresnvseccooe O12 
Repairs and renewals eccecee O11 
Power eeveecevoenseaseveseeee0s8 2007 


Total @eeeseeaesvpovoeaenevesvsvneetesevoevevesvseeneveasonves 0 & @ 


Water % . 
Repairs and renewals eeervce e001 
Pover TARR eO1S 


Total COOH CH SHS HCHO EO OSE HOFER OO ETO OSH HELE LEED 
Mill, general eevpeeoesqgpesevvneeneeseenereeneneeeHn e828 200e 


Total milling cost @9asevedvdgegoevs@ee oveagvegesneseonn -.eoeneenee 8 
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Total per 
ton milled 


$ 0.057 


